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Introduction
The U.S. Geological Survey (USGS), in cooperation with Gwinnett County Department of Water Resources, established a water-quality monitoring program during late 1996 to collect comprehensive, consistent, high-quality data for use by watershed managers. Water-quality sample collection began during 1996, and by 2001, 12 watersheds were being monitored continuously for streamflow, precipitation, temperature, specific conductance, and turbidity, with hydrograph-based sampling of three storm events and three base-flow periods every 6 months. Two watersheds were added to the study during 2006 -2007 ( fig. 1; table 1 ). This report summarizes total suspended solids (TSS) data collected at these sites through the 2009 water year (October 1, 2008 , to September 30, 2009 .
The overall purpose of USGS water-quality monitoring in Gwinnett County is to provide a long-term record of comprehensive and consistent hydrologic and water-quality data that can be used by county and State watershed managers and engineers to evaluate effectiveness of water-management practices on streamwater quality in the county. This water-quality monitoring program provides measurements of stream hydrology and constituent concentrations and yields. The methods used follow USGS protocols and quality-assurance procedures and are consistent between watersheds and over time.
Leading causes of stream impairment in the United States are sediment-associated constituents, such as bacteria, excessive sediment, nutrients, and trace metals (U.S. Environmental Protection Agency, 2002) . Sediment concentrations and yields change with natural and human-influenced watershed characteristics (Landers and others, 2007) . Annual yield of total suspended sediment is a primary performance criterion in Gwinnett County's Watershed Protection Plan, which is tied to its water-use permits (Gwinnett County Department of Water Resources, 2000) .
Specific goals of the long-term monitoring program include
• Monitoring water-quantity and quality status in real time;
• Monitoring long-term and seasonal water-quantity and quality trends;
• Providing flood-warning data for emergency managers and the public;
• Providing data to water managers to evaluate and meet regulatory monitoring requirements of permits for water-supply withdrawals, wastewater discharges, stormwater, source-water watersheds, and total maximum daily load studies; and
• Providing data for computation of constituent loads and yields.
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Water-quality monitoring station and name A previous report (Landers and others, 2007) describes monitoring methods, physiographic and climatic setting, watershed characteristics, analytical methods, water-quality concentrations and yields, trends in water quality, and watershed effects on hydrology and water quality for watersheds in Gwinnett County. Data and analytical results in Landers and others (2007) are limited to the six watersheds that were monitored beginning in 1996 through the 2003 water year.
This report provides statistical summaries of TSS sample concentrations and annual yields of TSS for each of the 14 watersheds monitored through the 2009 water year. The monitoring methods and analytical approach are the same as those described by Landers and others (2007) . This report updates the quality-assurance summary for TSS and describes minor changes to the analytical methods used by Landers and others (2007) . This report does not include interpretive analysis of watershed effects on water quantity and water quality.
Total Suspended Solids Concentrations
Water-quality samples were collected during a wide range of hydrologic conditions. Methods of data collection are described in Landers and others (2007) and follow procedures documented in published manuals, techniques, and quality-assurance plans (Rantz, 1982a, b; Wilde and others, 1998; Wagner and others, 2000; Gotvald and Stamey, 2005) . Quality-control samples also were collected to verify that samples were representative and uncontaminated. Concentration data were combined with streamflow and turbidity data to compute annual TSS yields.
Between 1996 
Quality-Control Samples
The USGS develops quality-assurance and qualitycontrol procedures to ensure that water-quality data meet standards and accurately represent stream conditions. These procedures are documented in published manuals, techniques, and quality-assurance plans (Rantz, 1982a, b; Wilde and others, 1998; Wagner and others, 2000; Gotvald and Stamey, 2005) . Because fixed-point samplers collect samples from a single point in the stream cross section, concurrent replicate samples must be collected to ensure that the point sample is representative of the entire cross section. Two concurrent samples are taken-one from the stream cross section using depth integrated, equal-width-increment (EWI) methods as described in Wilde and others (1998) , and another from a point in the stream cross section using a fixed-point sampler. Both samples are independently processed and analyzed.
Forty-four pairs of concurrent samples were collected from 1996 to 2009 in all of the monitored watersheds and were analyzed for concentrations of TSS ( fig. 2 ). An equal-value line has been added to figure 2 to show where concen trations from the concurrent samples would be equal. Of the 44 pairs of concurrent TSS samples, 73 percent of the fixed-point sampler concentrations were within 10 percent of the concurrent EWI concentrations, and 90 percent were within 25 percent. The four samples with differences greater than 25 percent are from four different sites.
Equipment-blank quality-control samples are used to check for the presence of constituents from sampling equipment that could contaminate an environmental sample. Equipment contamination may be caused by inefficient cleaning of manual or fixed-point samplers. Of the 52 blank samples collected, 12 percent had constituent concentrations greater than laboratory analytical detection limits. None of these detected concentrations, however, was greater than 4 milligrams per liter, which is well below any stormflow concentrations detected during this study. These quality-control sample results are similar to those from Landers and others (2007) . 
Total Suspended Solids and Suspended Sediment Concentration
Analyses from previous investigations show that the amount of suspended sediment in streams is greater than indicated by the TSS analysis (Gray and others, 2000; Landers and others, 2007) . The amount of suspended material in water is usually determined using laboratory analytical methods for TSS and (or) suspended sediment concentration (SSC). The TSS and SSC analytical methods are slightly different and typically produce different results. The SSC analytical method measures the dry weight of the sediment in an entire sample of a known volume. Laboratory methods for TSS differ among laboratories, but usually involve measuring the dry weight of sediment in a subsample of the available sample volume, rather than in the entire sample. Gray and others (2000) evaluated 3,235 paired SSC and TSS sample analyses and found that this subsampling procedure can undermeasure the total sediment in a sample, particularly when the amount of sand (particles larger than 0.062 millimeter [mm] and less than 2 mm) in a sample exceeds about one-quarter of the total sediment mass. figure 3 , in which most of the data plot on the SSC side of the line of equal value. The relation of TSS concentrations and SSC for the 150 samples with less than 25 percent sand has limited scatter; however, the relation for the 230 samples with greater than 25 percent sand content has significant scatter, and TSS concentrations tend to be much less than SSC for these samples, in agreement with the finding of Gray and others (2000) . The best fit between TSS and SSC by linear, ordinary least squares regression of all 380 samples (log-transformed) is obtained where SSC is equal to about 1.6 times the TSS with an R 2 of 0.76 and a p-value less than 0.0001. Thus, actual SSC in these streams typically are about 60 percent greater than indicated by TSS values, which is the same result obtained by Landers and others (2007) . 
Total Suspended Solids Yields
The load of a constituent is the mass transport per unit time (for example, tons per year). The yield is simply load per unit area (for example, pounds per acre per year). Yield is obtained by dividing load by watershed area. Yields are loads, normalized for the watershed size. Thus, yields often are used to compare loads between watersheds.
For a sample collected during a storm event, the average concentration and discharge are known, and the observed load is simply the product of concentration (mass per unit volume), discharge (volume per unit time), and the duration of the sample. Although discharge data are available continuously for the monitoring stations of this study, values of concentration are available only for periods when a sample was collected. For unsampled periods, TSS concentration can be estimated using relations of concentration to discharge and (or) turbidity, as illustrated in figure 4 for Suwanee Creek. Estimated load is then taken as the product of estimated TSS concentration, discharge, and duration. The methods used herein follow USGS guidelines (Rasmussen and others, 2009 ).
Annual TSS yields for the period 1998-2003 and discussion of how land use and climate affect yields are included in Landers and others (2007) for the six watersheds included in that report. The approach used herein differs from that used in Landers and others (2007) in that turbidity was included as an explanatory variable. Turbidity was not used as an explanatory variable in Landers and others (2007) because continuous, consistent turbidity data from in-stream turbidimeters were not available at most of the sites until the 2003 water year.
The turbidimeters used in this study have a maximum reporting level of 1,000 Formazin nephelometric units (FNU), and were calibrated to at least that amount for the study period. Turbidity readings higher than this range may be censored and are unreliable. Turbidity values exceeded 1,000 FNU for an average of 11 hours per year at the study sites, and these values were removed from the continuous record for this analysis as recommended in Rasmussen and others (2009) .
Calibration Dataset
The dataset used to calibrate the regression model for computation of annual TSS loads consists of measured streamflow discharge, TSS concentration, and turbidity (in FNU). The date and flow condition (stormflow or base flow) of the sample was also included in the calibration dataset. The sampling design and data collection methods are described in Landers and others (2007) . Calibration datasets for each site were evaluated graphically and statistically for correlation, multicollinearity, and outliers. Outliers were removed only if they could be discredited with a high degree of confidence (for example due to noted equipment problems). The number of samples in the calibration dataset ranged from 77 to 148 for 12 of the stations and from 24 to 33 for the two stations that began operation in 2006 (table 2) .
The design for this study includes collection of samples in both base-flow and stormflow conditions. These two flow conditions tend to form two populations in the TSS-todischarge relation, as discussed in Landers and others (2007) . The flow-condition explanatory variable is a binary variable that accounts for whether the sample was collected in a base-flow or stormflow condition. Each time step was classified as stormflow if the turbidity was greater than 20 FNU; otherwise it was classified as base flow, based on evaluation of the threshold turbidity for sampled events. For periods with missing turbidity data, a time step was classified as base flow if the streamflow was less than the flow observed in previous streamflow records between 50 to 75 percent of the time for that day of the year.
Regression Model Development
Linear, ordinary least-squares regression was used to estimate TSS concentration for unsampled periods following methods described in Rasmussen and others (2009) . This method was used to select the most accurate estimator of concentration from explanatory variables of discharge, turbidity, season, date, and flow condition for each monitoring station. An explanatory variable was included in the regression model if it met the following criteria: the coefficient was reasonable in sign and magnitude, model accuracy was improved, it was statistically significant (at a p-value less than or equal to 0.05 for season and time and 0.01 for all other variables), residual analyses indicated adherence to the assumptions of regression, and multicollinearity was not significant. The relations were developed for logarithms of measured TSS and the explanatory variables, as is typical for load estimation. Estimated logarithmic TSS was untransformed (back to linear space) and multiplied by an untransformation bias-correction factor (Duan, 1983; Landers and others, 2007; Rasmussen and others, 2009) .
Two regression models were developed for each station-one including and one excluding turbidity as an explanatory variable. This was done so that TSS concentrations could be estimated for those time steps with missing or unreliable turbidity data. Including turbidity as an explanatory variable for estimated TSS concentration improved the regression model accuracy for every station. Multicollinearity between turbidity and discharge, where both were included as explanatory variables, was evaluated using the variance inflation factor and was found to not be a problem for these analyses (Helsel and Hirsch, 1992; Rasmussen and others, 2009) . The regression models are summarized in table 3. The R 2 (coefficient of determination) for the regression models ranged from 0.87 to 0.95, and the regression standard error ranged from 43 to 93 percent. All were statistically significant at a p-value of less than 0.001.
The time step for each station, listed in table 3, is based on the typical duration (mean and median) of sampled storm events, as in Landers and others (2007) . The explanatory variables were recorded at 15-minute intervals and averaged over the time-step interval for each station. The TSS load for each time step was then computed from the product of the estimated TSS concentration, streamflow discharge, and time-step duration. The load was summed for each water year and divided by watershed area to obtain annual yield in units of pounds per acre per year for the 14 watersheds of this study (table 4) .
Accuracy of Estimated Yields
Overall accuracy refers to the actual in-stream load or yield compared to estimated load or yield. The accuracy of observed load from measured discharge and TSS concentration for a sampled event depends on errors associated with field sampling and processing and with laboratory analysis. As discussed in Landers and others (2007) , the measurement accuracy of loads from measured discharge and TSS concentration is generally on the order of ±15 to 20 percent. The accuracy of estimated load or yield from estimated TSS concentration and discharge depends on the accuracy and number of samples in the calibration dataset, the range of measured and observed conditions, uncertainty in the regression estimator (model standard error), and time duration of the estimate. For example, estimated annual yield typically is more accurate than estimated daily yield.
The accuracy of estimated TSS yields was evaluated as the cumulative difference between the observed and estimated yield for the sampled storm events for each station. The cumulative observed and estimated yields are shown in figure 5 for Suwanee Creek for the 67 storm events for which samples were obtained at this site from [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Note that figure 5 shows the cumulative load for sampled storms only and does not show the cumulative load for all storms occurring over the period of record. The error of prediction for each site is the cumulative difference between observed and estimated yield as a percentage of the total observed yield. The error of prediction by this method ranged from 1 to 75 percent for the 14 stations in this study; however, the actual overall uncertainty of the estimated yields cannot be less than the measurement uncertainty (±15 to 20 percent). The standard error of the regression models also is shown in table 3. 
Summary
The U.S. Geological Survey water-quality monitoring program in Gwinnett County provides a long-term record of comprehensive and consistent hydrologic and water-quality data that can be used by watershed managers and engineers to protect and enhance the streams in the county. This report provides statistical summaries of total suspended solids (TSS) concentrations for 730 stormflow and 710 base-flow water-quality samples collected between 1996 and 2009 for 14 watershed monitoring stations in Gwinnett County. Regression models were developed to estimate annual yields of TSS for each of the 14 watersheds through the 2009 water year. The monitoring methods and analytical approach are the same as those described in a previous study. This report does not include interpretive analysis of watershed effects on water quantity and water quality.
Quality-assurance analysis indicated that sample concentrations from the fixed-location pumping samplers are representative of the average cross-section concentrations for all 14 of the study watersheds. Analysis of equipment-blank quality-assurance samples indicated that equipment contamination was not a problem. Concentrations obtained using TSS analytical methods typically underestimate the suspended sediment concentration (SSC) in a water-quality sample. Comparison of 380 paired TSS and SSC samples indicate that SSC is roughly equal to 1.6 times TSS for these watersheds, in agreement with a similar evaluation in a previous study.
TSS loads and yields for each station were estimated using linear, ordinary least-squares regression. The method was used to select the most accurate estimator of TSS from explanatory variables of discharge, turbidity, season, date, and flow condition for each monitoring station. The error of prediction for the estimated yields ranged from 1 to 42 percent for the stations in this report; however, the actual overall uncertainty of the estimated yields cannot be less than that of the observed yields (±15 to 20 percent). These watershed yields provide a basis for evaluation of how watershed characteristics, climate, and watershed management practices affect suspended sediment yield.
